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ABSTRACT 


Three new species of Heterotropus Loew, H. gil- 
vicornis n. sp., H. posthos n. sp., and H. stucken- 
bergi n. sp., from western South Africa, are de- 
scribed. Adults were collected in sand dunes and 
the free-living larvae were sifted from sandy soil. 
A key to the South African species of the genus is 
presented. Little difference could be found be- 
tween the cast larval exuviae and cast pupal cases 
of the three species. The larvae and pupae are 
described and illustrated. The phylogeny of the 


genus is discussed in the light of evidence from 
the morphology and habits of the immature stages. 
Evidence is presented that the genus does not be- 
long in the Bombyliidae. Adult morphology sug- 
gests that they are primitive members of the As- 
iloidea, and may be the sister group to the 
remaining asiloids. Larval morphology is dis- 
cussed in relation to the synapomorphies of the 
Asiloidea. 


INTRODUCTION 


The genus Heterotropus Loew (1873) cur- 


rently contains 40 species, with all but four 


occurring in the Palearctic Region. They are 


small flies with broad, hyaline wings and a 
distinctive yellow or cream-and-black color 
pattern. Previously, Africa was reported to 
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have a total of nine species and all but one 
of these found in the northeast of the conti- 
nent (Bowden, 1980). H. munroi Bezzi (1926) 
is the only previously described species in 
South Africa; it is also reported to occur in 
Botswana and Namibia (Bowden, 1980). 

Heterotropus occupies an isolated position 
in the Bombyliidae. Becker (1913) proposed 
the new subfamily Heterotropinae for the ge- 
nus alone. He considered it a transitional form 
between either the Therevidae or Empididae, 
and noted that the eye facets of the male were 
separated into smaller (ower) and larger (up- 
per) facets by a horizontal division. Bezzi 
(1924), following Becker, placed the subfam- 
ily in the division Homoeophthalmae, con- 
sisting of all those subfamilies of Bombyli- 
idae lacking an indentation on the posterior 
eye margin. Melander (1928) placed two ad- 
ditional Nearctic genera in the Heterotropi- 
nae: Prorates Melander and Caenotus Cole. 
Prorates was first described as an empidid 
and Caenotus as a therevid. Much later Me- 
lander (1950) added the monotypic Nearctic 
genus Apystomyia to the subfamily and de- 
scribed the first Nearctic Heterotropus, H. se- 
nex. This species was later removed to the 
new genus Jnyo of the new subfamily Des- 
matomyilinae by Hall and Evenhuis (1987). 
Melander (1950) considered that the enlarged 
subfamily Heterotropinae could be separated 
from other Bombyliidae on the basis of the 
following characters: occiput flattened, eye 
facets of male separated into smaller (lower) 
and larger (upper) facets [but not indented 
behind as in Bezzi’s (1924) Tomophthal- 
mae], tibiae without seriate spines, R,,; 
forked, cell r; open and cell cup closed. Hull 
(1973) agreed with Melander (1950) regard- 
ing the genera of the Heterotropinae. Hall 
(1972) described the new genus Caenotoides, 
added it to the Heterotropinae, and noted 
that the subfamily contained an anomalous 
group of small bombyliids. He amended the 
following details to the characterization of 
the subfamily: male usually holoptic, female 
dichoptic, inner margin of (male) eyes usually 
indented opposite antennal bases, anal lobe 
of wing greatly developed, and body not 
densely haired. 

Hull (1973) further noted that many of the 
features used to differentiate the Heterotro- 
pinae were found in other bombyliids. He 
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also considered it possible that some of the 
constituent genera belonged in a separate 
family. None of the characters used to dif- 
ferentiate the subfamily is unique to it, and 
none could be considered as candidate apo- 
morphies of the subfamily. Theodor (1983) 
suggested transferring Prorates from the Het- 
erotropinae to the subfamily Proratinae of 
the Scenopinidae after noting similarities be- 
tween Prorates and the Scenopinidae. Ev- 
enhuis (1991), in a catalog of genus names in 
the Bombyliidae, retained Heterotropus in the 
Heterotropinae of the Bombyliidae but re- 
moved the remaining genera to the Proratin- 
ae incertae sedis, citing Theodor (1983) for 
support. Nagatomi et al. (1991) treated Het- 
erotropus as a bombyliid, citing similarities 
in male genitalia (which they do not eluci- 
date). 

One of us (MEJ) collected adults and larvae 
of three new species of Heterotropus during 
fieldwork in western South Africa in Septem- 
ber 1972. The larvae were taken by sieving 
sand, in the same way as therevid larvae are 
collected (Irwin, 1972), and are apparently 
free-living. We describe the adults of the three 
species and also describe the larvae and pu- 
pae. We review the morphology of the im- 
mature stages and the systematic placement 
of the genus in the light of Woodley’s (1989) 
recent phylogenetic scheme of the Asiloidea. 


METHODS 


Genitalia were examined by soaking the 
terminal segments of the abdomen in cold 10 
percent KOH overnight and dissecting out 
the relevant structures. Drawings were made 
using Zeiss binocular dissecting and com- 
pound microscopes with camera lucida at- 
tachments. Terminology for adults follows 
McAlpine (1981) except that the complex in- 
tromittent organ comprising the aedeagus and 
surrounding paramere sheath is here termed 
the phallus (Wood, 1990). Terminology for 
larvae follows Teskey (1981), and for the pu- 
pae follows Marston (1964). Larvae were kept 
in the laboratory according to the methods 
described in Irwin and Yeates (ms). The group 
of four numbers and two letters in the label 
data immediately following the date are map 
grid references (Stuckenberg and Irwin, 1972). 
Most specimens, including the holotypes, 
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have been deposited in the Natal Museum, 
Pietermaritzburg, South Africa; however, a 
few paratypes have been retained in the col- 
lection of the Illinois Natural History Survey 
(INHS) as indicated. 
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TAXONOMY 
Genus Heterotropus 


Heterotropus Loew, 1873: 180. Type species H. 
albidipennis Loew 1873: 180, by monotypy. 
Malthacotricha Becker, 1907: 312. Type species 

M. glauca Becker, 1907, by monotypy. 


Heterotropus is a monophyletic genus with 
the following diagnosis: small, rather bare flies 
with hyaline wings. Coloration of body with 
distinctive pale yellow or cream-and-black 
markings. Eye facets of male sharply divided 
into large facets dorsally and small facets ven- 
trally. Antennae elongate; scape, pedicel, and 
flagellum of uniform thickness at their bases. 
Wing venation with cell cup closed with a 
short stalk, other marginal cells open; two 
branches of M, four branches of R, R, and 
R; fairly straight; anal cell broad. Legs lacking 
prominent setae. Male genitalia with large 
hypandrium; phallus strongly curved; disti- 
phallus bifid or trifid. Gonostyli with dorsal 
lobe and median process or lobe. Aedeagal 
sheath extending anteriorly both lateral and 
ventral to ejaculatory apodeme. Female ter- 
minalia with three spermathecae and well- 
developed acanthophorite spines. The dorsal 
processes of the gonocoxae, form of the gon- 
ostyli, and aedeagal sheath extending ante- 
riorly lateral and ventral to ejaculatory apo- 
deme provide apomorphies for the genus. 
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Previous authors have remarked on the 
sexual dimorphism in color pattern and the 
variability in color pattern within each sex 
exhibited by the different species (Efflatoun, 
1945; Greathead, 1967). A revision of the 
genus will require the dissection and drawing 
of male genitalia of each species so that ac- 
curate comparisons can be made. With this 
in mind, the male genitalia of the three new 
species described here are illustrated in full. 
Comments regarding interspecific variability 
of color pattern notwithstanding, the species 
described below differ from all others found 
in Africa in color pattern. All the species de- 
scribed below have the entire scutum and 
scutellum black in both sexes and black bands 
on the abdominal tergites. H. elephantinus 
Seguy (1930) (known from two males from 
Egypt) has a completely yellow abdomen and 
the postpronotal lobes and postalar wall are 
reddish-brown. The other eight described Af- 
rican species (Bowden, 1980) have yellow 
markings on the scutum and scutellum, and 
parts of the pleurae yellow as well. The key 
provided below is only to those species known 
from South Africa. 

Specific names proposed below are to be 
attributed to the first author. 


ADULTS 
Heterotropus gilvicornis, new species 
(Figures 1-18, 31, 32) 


DIAGNosis: A small (3.4-3.7 mm _ body 
length) species with yellow antennae, shining 
black scutum and scutellum, yellow legs, and 
abdominal tergites mostly yellow with nar- 
row black basal margins. Labium relatively 
short (length excluding labellum equal to 2 
length of foretibia). Male tarsal claws re- 
duced, short, and blunt. Phallus relatively: 
short and gonocoxa with a dorsal process of 
distinctive shape (fig. 11). 

DESCRIPTION: Male, Head (figs. 1, 2). Shin- 
ing black-brown with sparse hyaline hairs ex- 
cept frons which is yellow and bare. Eyes 
separated by distance equal to 2 diameter of 
median ocellus. Ocellar tubercle broad with 
many hyaline hairs. Face rather protuberant, 
extended to apex of pedicel just below an- 
tennae. Labium relatively short (length ex- 
cluding labellum equal to % length of fore- 
tibia), black. Palps narrow, about 4 length of 
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Figs. 1-4. Heterotropus gilvicornis head, vestiture not shown. 1, Male anterior view; 2, male lateral 
view; 3, female, anterior view; 4, female, lateral view. Scale line 0.5 mm. 


labium, curved upward and lying parallel to 
proboscis at rest in oral cavity, with shorter 
hyaline hairs. Dividing line between eye fac- 
ets (fig. 6) horizontal, just ventral to bases of 
antennae. Genae produced below oral cavity. 
Occiput produced posteriorly behind greatest 
width of eye but narrow dorsally in lateral 
view. Antennae with scape and pedicel short, 
subcylindrical, slightly wider at apex than 
base; yellow with short, sparse, hyaline hairs. 
Flagellum yellow, base about 4 length, length 


_ Fig. 5. Heterotropus gilvicornis male wing, right 
hand side. 


about twice that of scape and pedicel com- 
bined, tapered toward acute apex over distal 
half; apex with a single small segment (figs. 
8, 9). 

Thorax. Black with sparse, long, hyaline 
hairs. Wings. Venation typical for genus (fig. 
5). Three branches of Rs, 2 branches of M, 
CuP and A, fused near wing margin, discal 
cell small, placed near middle of wing. Veins 
yellow-white. Legs. Coxae and trochanters 
black-brown, remainder of legs light yellow 
except tarsal segments 4 and 5 yellow-brown. 
Covered with white hairs, longer on posterior 
face of femora than anterior face. Tarsal claws 
reduced, blunt, about % length of pulvilli (fig. 
7). 

Abdomen. Tergite 1 yellow; tergites 2-8 
mostly yellow with narrow black-brown basal 
margin, width of dark area narrowed on pos- 
terior segments until only a narrow strip on 
tergite 8. Sternites 1-4 black-brown; more 
posterior sternites with apical yellow margin, 
increased in width on more posterior seg- 
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Figs. 6-9. Scanning electron micrographs of male H. gilvicornis. 6, Eye showing large facets dorsally 
and small facets ventrally; 7, tarsus showing reduced claws, tc = tarsal claw, e = empodium; 8, antennal 
flagellum; 9, detail of antennal flagellum showing apical segment. Scale fig. 6, 0.1 mm, fig. 7, 20 um, fig. 


8, 50 um, fig. 9, 10 um. 


ments. Terminalia black-brown. Tergites and 
sternites with long, sparse hyaline hairs. Ter- 
minalia (figs. 10-15). Epandrium whole, 
broad in dorsal view, narrowed apically with 
slight apical emargination (fig. 15). Cerci large, 
membranous posteriorly but each with dis- 
tinctive sclerotized lateral lobe with dense 
pad of short brown hairs (fig. 15). Hypan- 
drium large, deep (fig. 10). Gonocoxae small, 
separate, arising each side of hypandrium, 
leaving a large median cavity (fig. 13). Gon- 
ocoxae about as long as length of hypan- 
drium, with well-developed gonocoxal apo- 
demes curved ventrad (fig. 11). Dorsal process 
_ of gonocoxae just behind articulation of gon- 
ostyli with serrate dorsal margin (fig. 11). 
Gonostyli each with dorsal and median arms 
(fig. 13). Dorsal arms well developed, about 
as long as gonocoxae, small tooth laterally on 


apex. Median arms slightly narrower than 
dorsal ones, extended mediad into cavity 
formed by separated gonocoxae. Apex with 
brush of long hairs. Phallus long, curved into 
inverted u shape (fig. 10). Ejaculatory apo- 
deme large, laterally compressed, extended 
into hypandrium. Lateral aedeagal apodemes 
and basiphallus (fig. 14) small. Sheath of 
phallus extended ventrally under base of ejac- 
ulatory apodeme and curved dorsally on ei- 
ther side of it (fig. 14). Distiphallus swollen 
basally but abruptly narrowed along dorsal 
and posterior curve. Distiphallus divided into 
three distinct prongs about '4 distance from 
base. Each prong with an apical gonopore. 
Phallus prongs extended under epandrium 
with median prong dorsal to lateral ones. Apex 
of lateral prongs with small serrate spines 
ventrally. Phallus loosely connected through 
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epandrium 


dorsal process 


gonostylus of gonocoxa 


phallus 
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gonostylus 


gonocoxa 


13 


phalius 
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14 15 

Figs. 10-15. Heterotropus gilvicornis male genitalia, vestiture not shown except tuft of long hairs on 
gonostyli and short hairs on cerci. 10, Lateral view of genitalia with epandrium attached; 11, lateral 
view of gonocoxae showing dorsal process; 12, dorsal view of gonocoxae with epandrium and phallus 
removed showing ventral median space between gonocoxae; 13, ventral view of gonocoxae with epan- 
drium and phallus removed showing dorsal and median arms of gonstyli; 14, anterior view of base of 
phallus showing lateral aedeagal apodemes and ejaculatory apodeme; 15, dorsal view of epandrium 
showing area of short setae on cerci. Scale 0.1 mm. 
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tergite 9 


16 


Figs. 16, 17. 


membrane ventrally to gonocoxae and dor- 
sally to sternite 10. 

Female. Similar to male except: slightly 
larger, especially the head; hyaline hairs on 
body shorter and more sparse. Eyes widely 
separated (fig. 3) by almost half the head width 
in anterior view. Eye facets of similar size 
dorsally and ventrally (fig. 4). Head shining 
black except genae yellow and occiput yellow 
on ventral half. Some small yellow spots may 
be present on face on either side of oral cav- 
ity. Scape and pedicel yellow-brown. Tarsal 
claws of normal size, yellow at base, black at 
apex. Abdominal tergites and sternites yel- 
low. Terminalia (figs. 16, 17). Well-sclero- 
tized tergite 9 with long narrow lateral straps 
extended anteriorly almost to furca (fig. 17). 
Acanthophorites (tergite 10) well developed 
and separate from tergite 9, each with 6 large 
spines. Cerci with a large ventral lobe. Furca 
(sternite 9) u-shaped with arms thickening 
(fig. 16) posteriorly. Area between arms of 
tergite 9 and arms of furca weakly sclerotized. 
Three well-sclerotized spermathecae arising 
from separate, long spermathecal ducts; ducts 
extend into abdomen to level of 4th abdom- 
inal segment. Spermathecal ducts enter the 
genital chamber at a common opening (fig. 
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spermathecal 
bulb 


acanthophorite 
spines 


17 


Heterotropus gilvicornis female genitalia, vestiture not shown. 16, Dorsal view; 17, 
lateral view; in between is detail of spermathecal bulb. Scale 0.1 mm. 


16). Spermathecal bulb about twice as long 
as wide and slowly widened toward apex. 

HoLoryPe: Male, SOUTH AFRICA, CAPE 
PROVINCE, top of Botterkloof Pass, Sept. 
13, 1972, 3119Cd, 2230ft, M. E. and B. J. 
Irwin, white sand dune association. 

PARATYPES: 7 males, 2 females, same data 
as holotype (2 males and 1 female in INHS); 
1 female SOUTH AFRICA, CAPE PROV- 
INCE, 11 miles NNE Hondeklip Baai, Sept. 
8, 1972, 3017Ab, M. E. and B. J. Irwin, 200ft, 
reddish sand, shrubs. 

OTHER SPECIMENS EXAMINED: 2 males, 
same data as holotype (one macerated and 
one coated for SEM study); 1 female, SOUTH 
AFRICA, Cape Province, Botterkloof Pass, 
Sept. 10, 1984, M.E. Irwin, white sand dune 
(last larval exuvium and cast pupal exuvium 
in microvial pinned underneath specimen). 

ETYMOLOGY: The specific name refers to 
the pale yellow antennae and is derived from 
gilvus, meaning pale yellow, and cornus, 
meaning horn. 

REMARKS: Heterotropus gilvicornis differs 
from the other species described here most 
noticeably in the yellow flagellum and the 
striking reduction of the tarsal claws of the 
male (fig. 7). The function of these reduced 
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Fig. 18. Distribution of H. gilvicornis, H. posthos, and H. stuckenbergi. 


tarsal claws is unknown, but their presence 
only in the male suggests that they may be 
concerned with mate recognition. 

This species was collected by MEI first on 
the coast at Hondeklip Baai, then five days 
later at Botterkloof Pass (fig. 18). Adults were 
collected on sand dunes and could be seen 
walking around on the sand in preference to 
flying. One dipterous larva collected while 
sieving therevid larvae from loose sand at 
Botterkloof Pass on 10 September 1984 
emerged as H. gilvicornis. 


Heterotropus posthos, new species 
(Figures 18-25, 33-35) 


DiaGcnosis: A small (3.3-3.7 mm body 
length) species with black-brown antennae, 
shining black scutum and scutellum, yellow 
legs and abdominal tergites mostly black with 
narrow yellow apical margins. Labium is rel- 
atively long (length excluding labellum equal 
to length of foretibia). Male tarsal claws nor- 


mal. Phallus relatively long and the gonocoxa 
has a dorsal process of characteristic shape 
(fig. 19). 

DESCRIPTION: Similar to H. gilvicornis ex- 
cept as follows (unless otherwise stated, com- 
parisons below are to H. gilvicornis). Male, 
Head. Frons yellow ventrally with small ir- 
regular yellow areas on genae at either side 
of oral margin. Eyes separated by distance 
equal to 4 diameter of median ocellus. Face 
extended to basal half of pedicel just below 
antennae. Labium relatively long (length ex- 
cluding labellum equal to length of foretibia). 
Palps narrow, about '2 length of labium. An- 
tennae with scape and pedicel brown. Fla- 
gellum brown. 

Legs. Tarsal claws of normal size (length 
about % that of 5th tarsomere), as long as 
pulvilli, yellow at base but black at apex. 

Abdomen. Tergites 2-8 mostly black with 
yellow basal margin, width of yellow area on 
tergite 2 covering about 3 of segment, nar- 
rowed on posterior segments until only a nar- 
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Figs. 19-22. Heterotropus posthos male genitalia, vestiture not shown except tuft of long hairs on 
gonostyli and short hairs on cerci. 19, Lateral view with epandrium removed; 20, ventral view; 21, 
dorsal view of epandrium; 22, lateral view of epandrium. Scale 0.1 mm. 


row strip on tergite 8. Sternites 1-8 mostly 
black-brown with apical % yellow. Tergites 
and sternites with long, sparse hyaline hairs. 
Terminalia (figs. 19-22). Epandrium whole, 
more narrow in dorsal view. Cerci with hairs 
on lateral lobe longer (fig. 22). Dorsal process 
with larger posterior lobe (fig. 19). Dorsal arms 
of gonocoxae with apical tooth larger (fig. 19). 
Phallus long, about twice as long as phallus 
of H. gilvicornis and curved into an inverted 
u shape (fig. 19); tips of three aedeagal prongs 
ending well below gonocoxae. Distiphallus 
dividing into three distinct prongs close to 
basiphallus. 

Female. Head shining black except wide 
yellow stripe on genae extended posteriorly 


onto ventral half of occiput. A small yellow 
irregular area on frons ventrally around base 
of antennae and extended laterad to eye mar- 
gins. Thorax black except dorsal margin of 
anepisternum narrowly yellow. Abdominal 
color pattern similar to that of male. Ter- 
minalia (figs. 23-25). Eight acanthophorite 
spines on each acanthophorite (fig. 25). Furca 
(sternite 9) in one piece, u-shaped with arms 
thickened posteriorly (fig. 24). Area between 
arms of tergite 9 and arms of furca not scler- 
otized (fig. 24). Furca with arms apically more 
narrow. | 
HOLOTYPE: Male, SOUTH AFRICA, CAPE 
PROVINCE, Doringbos on Doring River, 
Sept 14, 1972, 500ft, 3119Cc, M. E. Irwin, 


10 AMERICAN MUSEUM NOVITATES 


spines 


a ducts 


“oy fi “ay Zé spermathecal i 


. me 
WOE ME bulb 
44, 


tergite 9 
acanthophorite 


acanthophorite 
spines 


acanthophorite 


tergite 9 


spermathecal 


NO. 3036 


acanthophorite 


Figs. 23-25. Heterotropus posthos female genitalia, vestiture not shown. 23, Dorsal view showing 
spermathecal ducts and bulbs, scale 0.2 mm; 24, dorsal view detail, scale 0.1 mm; 25, lateral view, scale 


0.1 mm. 


Riverbank sand dunes. Cast pupal exuvium 
in gelatin vial mounted on pin underneath 
specimen. 

PARATYPES: | male, 1 female, same data as 
holotype (INHS); 2 males, SOUTH AFRI- 
CA, CAPE PROVINCE, top of Botterkloof 
Pass, Sept. 13, 1972, 3119Cd, 2230ft., M. E. 
and B. J. Irwin, white sand dune association. 
One male with pupal exuvium in glass vial 
mounted under specimen and the other male 
with last larval exuvium and pupal exuvium. 


OTHER SPECIMEN EXAMINED: | female, same 
data as holotype (macerated). 

ETYMOLOGY: The specific name refers to 
the long penis and is taken from posthos 
meaning one with large penis. 

REMARKS: Two males were reared from lar- 
vae collected on 13 September 1972 at Bot- 
terkloof Pass. In addition, a male and two 
females were collected as adults at the Dor- 
ingbos River on the next day, 14 September 
1972. A male was also reared from a larva 
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Figs. 26-28. Heterotropus stuckenbergi male genitalia, vestiture not shown except tuft of long hairs 
on gonostyli and short hairs on cerci. 26, Lateral view; 27, dorsal view of epandrium; 28, ventral view. 
Scale 0.1 mm. 


collected at the same locality on the 13 of 
September (fig. 18). 

There is some variation in the yellow ab- 
dominal markings in the male. Some para- 
types have black areas laterad on tergite 1 
and yellow areas more narrow on other seg- 
ments. This species shares more similarities 
with H. stuckenbergi than H. gilvicornis be- 
cause of the normal male tarsal claws and 
black-brown flagellum. 


Heterotropus stuckenbergi, new species 
(Figures 18, 26-30, 36, 37) 


DiaGcnosis: A small (3.4—-3.7 mm _ body 
length) species with brown antennae, shining 
black scutum and scutellum, yellow legs and 
abdominal tergites mostly yellow with nar- 
row black basal margins. The labium is rel- 
atively short (length of labium excluding la- 
bellum equal to half length of foretibia). Male 
tarsal claws normal. Phallus intermediate in 
length between those of H. gilvicornis and H. 
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posthos and gonocoxa has a large dorsal pro- 
cess of characteristic shape (fig. 26). 
DESCRIPTION: Similar to H. gilvicornis ex- 
cept as follows (unless otuerwise stated, com- 
parisons in description are to H. gilvicornis). 
Male, Head. Ventral half of frons bare, yel- 
low. Eyes separated by distance equal to 4 
diameter of median ocellus. Palps narrow, 
about half length of labium. Occiput not pro- 
duced posteriorly behind eye as much. An- 
tennae with scape, pedicel, and flagellum 
brown with short, sparse, hyaline hairs. 
Thorax. Shining black with hairs more 
sparse. Legs. Similar to those of H. posthos. 
Abdomen. Tergite coloration similar. Ster- 
nites black-brown with a narrow, apical, yel- 
low margin, increasing in width in more pos- 
terior segments. Terminalia (figs. 26—28). 
Epandrium (fig. 27) whole, similar to that of 
H. posthos in dorsal view. Dorsal process of 
gonocoxa (fig. 26) larger, with posterior lobe 
directed posteriorly (not ventrally as in H. 
posthos). Dorsal arms of gonostyli each with 
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a large apical tooth (fig. 26). Phallus (fig. 26) 
intermediate in length between those of H. 
gilvicornis and H. posthos. Phallus prongs ex- 
tended under epandrium with median prong 
almost in same plane as lateral ones. 

Female. Description based on the only 
known female, teneral. Similar to male ex- 
cept: Head shining black with broad yellow 
stripe on genae and ventral half of occiput 
yellow. Scape and pedicel yellow-brown. 
Thorax black except dorsal %4 of anepister- 
num yellow. Terminalia. Not examined. 

HOLOTYPE: Male, label data SOUTH AF- 
RICA, CAPE PROVINCE, Doringbos on 
Doring River, Sept. 14, 1972, 500ft, 3119Cc, 
M. E. Irwin, Riverbank sand dunes. 

PARATYPES: 1 male (INHS), 1 female, same 
data as holotype; female with cast pupal exu- 
vium glued to mount. 

OTHER SPECIMENS EXAMINED: 1 male, 
SOUTH AFRICA, CAPE PROVINCE, top 
of Botterkloof Pass, Sept. 13, 1972, 3119Cd, 
2230ft, M. E. and B. J. Irwin, white sand dune 
association (teneral, associated with pupal 
exuvium). — 

ETYMOLOGY: This species is named in hon- 
or of Dr. Brian Stuckenberg, Director of the 
Natal Museum, Pietermaritzburg, South Af- 
rica, and accomplished dipterist. 

REMARKS: This species has been collected 
at Doringbos and Botterkloof Pass (fig. 18). 
The male holotype and paratype were col- 
lected as adults and the female paratype and 
other male specimen were reared from lar- 
vae. 


KEY TO SOUTH AFRICAN 
HETEROTROPUS ADULTS 


1. Scutum entirely black ................... 2 
Scutum black with two mediolateral yellow 
SEPIPCSs, te ee ne a A. munroi Bezzi 

2. Antennal flagellum yellow; male tarsal claws 
reduced ............. HZ. gilvicornis, n. sp. 
Antennal flagellum black-brown; male tarsal 
claws normal ..................00000. 3 

3. Length of labium (excluding labellum) equal to 
length of foretibia; abdominal tergites mostly 
black-brown with narrow apical yellow bor- 

3 [o) Eee CO ARSE at H. posthos, n. sp. 
Length of labium (excluding labellum) equal to 
half length of foretibia; abdominal tergites 
mostly yellow with narrow basal black-brown 
bands»... swe get H. stuckenbergi, n. sp. 
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IMMATURES 


Eleven mature larvae and 15 pupae were 
preserved, all with the label data: SOUTH 
AFRICA, CAPE PROVINCE, top of Bot- 
terkloof Pass, Sept. 13, 1972, 3119Cd, 2230 
ft, M. E. and B. J. Irwin, white sand dune 
association. Adults of all the new species de- 
scribed here were found at this locality at this 
time; thus it is probable that more than one 
species was preserved as immatures. 


IDENTIFICATION OF PUPAE 


Three of the pupae (two males and one 
female) were preserved when the teneral adult 
was clearly visible inside. These adults were 
identified by labial length and flagellum color 
as follows: one H. gilvicornis male, one H. 
posthos female and one H. stuckenbergi male. 

Cast pupal skins have been preserved for 
all three new species as follows: a single H. 
gilvicornis female; two male pupal skins of 
H. posthos and one female pupal exuvium of 
H. stuckenbergi. Initially it was hoped that 
specific pupal characters could be found on 
the adult-associated pupal skins which could | 
then be used to identify the preserved pupae 
(figs. 31-37). The pupae of the three species 
are very similar in appearance. The shape of 
the cephalic spines varies, and it appears that 
H. posthos (figs. 33-35) and H. stuckenbergi 
(figs. 36, 37) each have the 2 posterior spines 
parallel, whereas H. gilvicornis (figs. 31, 32) 
has these posterior spines more divergent. 
Reliable characters could not be found to dis- 
tinguish the pupae of H. posthos and H. stuck- 
enbergi. 

Because the pupae are so similar, only one, 
that of H. stuckenbergi, is fully described and 
illustrated. 


DESCRIPTION OF PUPA OF Hl. STUCKENBERGI 


This description is based on two cast pupal 
skins associated with eclosed adults and a 
pupa identified on the basis of the enclosed 
teneral adult (figs. 29, 30). 

Overall length 4.9-5.2 mm, head width 1.2 
mm, thorax width 1.3 mm, maximum ab- 
dominal width 1.2-1.3 mm, tapering to 0.5- 
0.6 mm maximum width of segment 8. Over- 
all color light brown, slightly darker brown 
on the two most dorsal cephalic spines. Bare, 
with no hairs or spines except for the cephalic 
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cephalic spines< 


Figs. 29, 30. Heterotropus stuckenbergi pupa. 29, lateral view; 30, ventral view. Between them is 


dorsal view of apex of abdomen. Scale 0.5 mm. 


spines and some smaller spines on the apex 
of the abdomen. 

Head. Smooth, rounded; four cephalic 
spines each side of head, each group on raised 
base. Cephalic spines divided into single, 
prominent anterior spine and three smaller 
posterior spines (figs. 36, 37). The two pos- 
terior spines closest to thorax are subparallel. 
Proboscis sheath comprising median, raised 


labral sheath, ventral labial sheath, and api- 
cal labellar sheath; extended just beyond fo- 
recoxal sheath. 

Thorax. Scutum bare, rounded; prominent 
wing and leg sheaths present laterally and 
ventrally. Wing sheaths extended posteriorly 
to midway along abdominal segment 2. Fore- 
leg sheath extended to tip of wing sheath, 
midleg sheath extended to apical margin of 
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Figs. 31-37. Heterotropus pupae, cephalic spines, dorsal view. 31, Female H. gilvicornis; 32, male 
same; 33-35, male H. posthos; 36, female H. stuckenbergi;, 37, male same. Scale 0.1 mm. 
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abdominal sternite 2; hindleg sheath reaching 
to apical margin of abdominal sternite 3. 
Abdomen. Bare, tapering posteriorly; seg- 
ments clearly visible. Caudal segment with 
two dorsal spines (fig. 30) in both sexes. 


IDENTIFICATION OF LARVAE 


In addition to the 11 preserved larvae, a 
single larval exuvium of both H. gilvicornis 
and H. posthos was preserved. The thorax 
and abdomen of both are severely crumpled, 
making comparison difficult; however the 
head capsules of the two specimens were 
compared. They were very similar, except that 
the apical antennal segment of H. gilvicornis 
is shorter than that of H. posthos (figs. 40- 
42). The head capsules of the preserved but 
unassociated larvae had long apical antennal 
segments similar to those of H. posthos. Thus 
the preserved larvae may be H. posthos; how- 
ever, the morphology of H. stuckenbergi lar- 
vae is unknown, and that species could also 
be present in the sample. It is also possible 
that the apical antennal segments of the single 
H. gilvicornis larva were broken off in the 
substrate before or after the pupa was formed. 


DESCRIPTION OF HETEROTROPUS LARVA 


The following description is taken from one 
of the 11 preserved Heterotropus larvae col- 
lected at Botterkloof Pass. The head capsule 
of this specimen is identical to that of H. 
posthos. We regard its specific identity as un- 
certain, but it is undoubtedly one of the spe- 
cies described here. 

Elongate (fig. 38), flattened dorsoventrally, 
tapered at both ends. Color pale cream with 
white fat body clearly visible through integ- 
ument. Measurements (taken from all 11 pre- 
served larvae): length 7.6—-10.2 mm, maxi- 
mum width of abdomen 0.7—1.1 mm. 

Head (figs. 40-49). Head capsule tanish- 
brown, extended into prothorax as an elon- 
gate, posteriorly rounded, dorsal plate (fig. 
42). More heavily sclerotized around lateral 
margins. Head somewhat swollen behind 
head capsule anterior to prothorax (fig. 42). 
‘Head capsule with mouthparts projecting an- 
teriorly, sensory appendages laterally (fig. 43). 
Antennae and eyes arising on genae (figs. 40, 
44). Antennae arising anterolaterally, two 
segmented with elongate, parallel-sided basal 
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‘Fig. 38. Heterotropus mature larva, left dorsal 
view, right lateral view. Scale 1 mm. 


segment and narrow apical segment about 4% 
length of basal segment (figs. 42, 47). Eyes 
immediately posterior to antennal bases (figs. 
40, 42, 47). Two long, prominent, setae in 
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Fig. 39. Heterotropus larva, photographed in rearing medium. Specimen from Africa, Niger, 15 km 
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west of Niamey, 17 July 1990, inland sand dunes, M. E. Irwin. Larva 10 mm long. 


the posterolateral corner of the genae, ex- 
tended anterolaterally (figs. 42, 44). Labrum 
distinct, extended anteriorly from head cap- 
sule between maxillae (figs. 42, 44). In lateral 
view labrum raised above maxillae (figs. 42, 
44), with two pairs of stout bristles, a large 
basal pair and smaller apical pair (figs. 40, 
45). Maxillae well developed, extended an- 
teroventrally from head capsule (figs. 40, 42, 
46). Basal cardo with three well developed, 
stout setae in a row (figs. 42, 47). Distal stipes 
bear two-segmented maxillary palps (figs. 40, 
48). Apex of maxillary palp with central de- 
pression enclosing five setae (fig. 48). Stipes 
with small seta in small depression subapi- 
cally on lateral surface (fig. 46), not divided 
into galea and lacinia. Mandibles narrow, 
sickle shaped, working in dorsoventral plane, 
wedged between labrum and maxillae (fig. 
46). Basal mandibular sclerite visible at base 
of mandible, produced ventrally (fig. 41). 


Small, narrow labium visible below tips of 
mandibles, armed with 6-7 anteriorly di- 
rected setae at apex (fig. 49). Ventral portion 
of head capsule narrower in lateral view than 
dorsal portion (figs. 40, 44), bearing two small 
setae ventrolaterally. Anterior tentorial arms 
extended posteriorly almost to posterior mar- 
gin of head capsule (fig. 42). Poorly sclero- 
tized, trough-shaped pharynx lying between 
anterior tentorial arms. 

Thorax. Clearly divided into three seg- 
ments, metathoracic segment wider than the 
previous two. Prothorax bearing small, sim- 
ple spiracles in posterolateral corner of dorsal 
surface. Each thoracic segment with pair of 
setae ventrolaterally (fig. 38). 

Abdomen. Eight segments, first segment 
simple; however segments 2-7 each with con- 
striction (figs. 38, 51) near anterior end. Pair 
of ventral creeping welts borne just anterior 
to constriction (fig. 52) on these segments. 
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Figs. 40-42. Heterotropus larva, head capsule. 40, Lateral view; 41, detail of internal structures, 
lateral view; 42, dorsal view. Antenna of H. gilvicornis above figure 41. Scale 0.1 mm. 


Segment 8 in dorsal view (fig. 53) with large 
posterior spiracles positioned anterodorsally. 
Caudal end with two small seta-bearing ap- 
pendages (fig. 50) arising from median lobe. 
Segment 8 in ventral view with two poster- 
olaterally directed anal papillae (fig. 54). Anal 
papillae composed of thick basal piece and 
narrow, domed apical piece; apical piece with 
small terminal slit. Raised ridge between anal 
papillae (fig. 54). Anus a short longitudinal 
slit posterior to raised ridge (fig. 54). 


NOTES ON ADULT AND 
LARVAL BIOLOGY 


Adults ofall three Heterotropus species were 
collected in sand dune associations with sparse 
herbaceous vegetation. Adults could be found 
walking on the surface of the sand and seemed 
unwilling to take flight. The three locations 


where the new species were taken are in close 
proximity. Indeed, Doringbos and Botterk- 
loof Pass are only about 10 km apart (fig. 18). 
All three species were collected at the top of 
Botterkloof Pass. Both H. posthos and H. 
stuckenbergi were taken at Doringbos on the 
Doring River and H. gilvicornis alone was 
taken at Hondeklip Baai, a coastal locality. 
Larvae (fig. 39) were found while sieving 

the top few inches of sand to collect therevid 
larvae, as described by Irwin (1972). They 

were found alone, and their morphology does 

not suggest a parasitoid lifestyle, which is 

characteristic of almost all other known bom- 

byliid larvae. It is most likely that they are 

predatory, like many other asiloid larvae. 
However, in the laboratory the Heterotropus 
larvae did not appear to eat Tribolium larvae 
offered them, and only the largest fly larvae 
successfully eclosed as adults. 
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Figs. 43—48. Scanning electron micrographs of Heterotropus larva. 43, Anterior view of head capsule, 
a = antenna, lb = labrum, m = maxilla, mp = maxillary palp; 44, lateral view of head, g = gena; 45, 
detail of setae on labrum; 46, detail of apex of labrum and mandibles, md = mandible; 47, detail of 
antenna and setae on cardo; 48, maxillary palp. Scale 10 um. 
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Figs. 49-52. Scanning electron micrographs of Heterotropus larva. 49, View beneath maxilla showing 
labium, scale 10 pm, Im = labium, m = maxilla, md = mandible, mp = maxillary palp; 50, apex of 
abdomen showing small appendages each bearing a short seta, scale 20 um; 51, dorsal view of abdominal 
segment 1, scale 0.2 mm; 52, ventral view of creeping welts on segment 7, scale 0.1 mm, cw = creeping 


welt. 


DISCUSSION 
THE MORPHOLOGY OF HETEROTROPUS 


This detailed examination of the mor- 
phology of the larvae, pupae, and adult of 
Heterotropus has highlighted many unusual, 
autapomorphic features which are not found 
in other Bombyliidae. In addition, Hetero- 
tropus exhibits some primitive features, as 
compared to other groups in the Bombyliidae 
and to the Asiloidea in general. These char- 


acters will be discussed in the light of the 
known habits and morphology of the Bom- 
byliidae and the characters used by Woodley 
(1989) in his cladistic analysis of the Asilo- 
idea. 

Male Terminalia: The phallus is long (es- 
pecially so in H. posthos) and trifid with the 
lateral prongs bearing small ventral spines. 
Theodor (1983) reported that one unde- 
scribed species of Heterotropus has a bifid 
aedeagus. A trifid (or bifid) aedeagus is un- 
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Figs. 53-54. Heterotropus larva abdominal segment 8. 53, Dorsal view showing posterior spiracles; 
54, ventral view showing anal papillae. Scale 0.1 mm. 


known in the Bombyliidae except in some 
Mythicomyiinae (some species of Paracon- 
sors Hall and Evenhuis 1987 and members 
of a new genus from Australia) but is com- 
mon in the Scenopinidae (Kelsey, 1969) and 
Asilidae (Theodor, 1976) of the Asiloidea. 
The relatively small gonocoxae arise from a 
very large hypandrium and are widely sep- 
arated medially, leaving a large central cav- 
ity. An apomorphic feature of other Bom- 
byliidae is the medioventral fusion of the 
gonocoxae. In the Heterotropus specimens 
described in this work this large cavity is par- 
tially occupied by the peculiar median arms 
of the gonostyli, which have long apical setae. 
The gonocoxae bear large processes dorsally 
which have serrate dorsal margins. The shape 
of the dorsal process is different in each spe- 
cies examined. The dorsal processes of the 
gonocoxae and the dorsal and median arms 
of the gonostyli may be adaptations to guide 
the long phallus. On dissection, the phallus 
lies between these gonocoxal processes, then 
curves ventrally between the median and 
dorsal arms of the gonostyli. There is only a 
loose membranous connection of the phallus 
to the gonocoxae and to sternite 10. In Bom- 
byliidae there is a stronger sclerotized con- 
nection between the phallus and the gono- 
coxae. 

Female Terminalia: The female terminalia 
of Heterotropus are typical for asiloids in 
many respects. There are three spermathecae 
with well-sclerotized bulbs and the acantho- 
phorite spines are well developed. Acantho- 


phorite spines are considered to be a ground- 
plan feature of the Asiloidea (Adisoemarto 
and Wood, 1975; Woodley, 1989), and sim- 
ilar (7Fhomologous) structures are also found 
in the Empidoidea. A plesiomorphic feature 
of the female terminalia is the separation of 
the acanthophorites from tergite 9. In other 
asiloids the acanthophorites have become 
more or less fused to tergite 9 (e.g., Irwin, 
1976; Yeates, 1990). . 

Pupa: The pupa is immediately distin- 
guished from those of other Bombyliidae 
(Hull, 1973) because it lacks a vestiture of 
long hairs. There are four pairs of cephalic 
setae on the head which are borne on the 
antennal sheaths. The anterior cephalic spine 
lies over the pedicel and the remaining three 
posterior spines lie over the apical half of the 
flagellum. Spine-bearing antennal sheaths are 
found in most Bombyliidae, and are probably 
a primitive feature of the family. They have 
been lost in a few disparate groups indepen- 
dently (Evenhuis, 1985). Cephalic spines are 
also found in all the related asiloid families: 
Asilidae (Hull, 1962), Therevidae (Irwin, 
1972), Apioceridae (Peterson, 1981), Mydi- 
dae (Wilcox, 1981) and Scenopinidae (Kri- 
vosheina, 1980). Almost all Bombyliidae pu- 
pae also possess rows of strong spines, called 
chitinous rods, on the abdominal tergites 
(Hull, 1973). These rods are often u-shaped 
in lateral view, with a spine at both the an- 
terior and posterior ends. The only known 
Bombyliidae pupae lacking these chitinous 
rods belong to the Mythicomyiinae: Glabel- 
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lula arctica (Andersson, 1974), Psiloderoides 
mansfieldi (Hesse, 1967), and Mythicomyia 
sp. near pusilla (N.L. Evenhuis personal com- 
mun.). The pupae of all other asiloid families 
bear a row of stout spines on the abdominal 
tergites. However, the distinctive u-shaped 
spines appear to have arisen within the Bom- 
byliidae. 

Larva: Woodley (1989) used the parasitoid 
lifestyle and larval hypermetamorphosis as 
an apomorphy of the Bombyliidae. Our 
knowledge of the immature stages of the 
Bombyliidae is very limited but most are ex- 
ternal parasitoids of other insects or egg pred- 
ators. In the best-studied examples, the en- 
ergetic first instar planidium larva has a very 
different morphology and habits from the 
largely sedentary mature parasitoid larva (e.g., 
Bohart et al., 1960). In most other cases, the 
presence (or absence) of hypermetamorphos- 
is has been assumed after examination of the 
morphology of one larval instar. To date, there 
has been a single bombyliid recorded which 
does not appear to exhibit hypermetamor- 
phosis. Andersson (1974) described the im- 
mature stages of Glabellula arctica Zetter- 
stedt. Mature larvae of this species are very 
fast moving and live in ant nests, probably 
feeding on ant brood or other ant inquilines. 
Andersson (1974) assumed there is no hy- 
permetamorphosis in this species because the 
final instar larva is similar to the planidium 
larvae of other species of Bombyliidae. This 
morphology and habit could be dismissed as 
a reversal except that the subfamily Mythi- 
comyiinae, to which Glabellula belongs, is 
primitive within the Bombyliidae and may 
be the sister group to the remaining members 
of the family (Yeates, in prep.). Thus it is 
possible that the most plesiomorphic larvae 
in the Bombyliidae are predatory and lack 
hypermetamorphosis. 

Heterotropus larvae were found free-living 
in sandy soil, and are probably predatory 
there. In general body shape (fig. 39), the ma- 
ture larva is similar to the predatory larvae 
of Asilidae (Melin, 1923; Musso, 1978) and 
Apioceridae (English, 1947). The morphol- 
ogy of Heterotropus mature larvae indicates 
that they do not undergo hypermetamor- 
phosis, as do almost all other Bombyliidae. 

The mouthparts of Heterotropus are sim- 
ilar to those of other asiloid families in basic 
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structure. The arrangement of large setae on 
the labrum and cardo appears to be peculiar 
to Heterotropus. B. J. Sinclair (personal com- 
mun.) considers that basal mandibular scler- 
ite is present as a dorsal plate posterior to the 
mandible in the ground-plan of the Asiloidea. 
This plate is often mistaken for the cardo 
(e.g., Teskey, 1981: fig. 3.10), and is only 
poorly differentiated in Heterotropus. The 
segmentation of the abdomen is normal, the 
anterior constriction on segments 2-7 not- 
withstanding. This constriction may function 
to provide additional movement for the ven- 
tral creeping welts. Heterotropus larvae do 
not resemble the elongate, slender larvae of 
Therevidae and Scenopinidae which have the 
abdominal segments distinctly subdivided 
and thus appear to have 17 abdominal seg- 


‘ments. 


The retraction of the head capsule into the 
thorax and general reduction in extent of the 
cranium is a feature of larvae of the lower 
Brachycera (Teskey, 1981). Although the cra- 
nial reduction is variable, members of the 
Bombyliidae usually have one or two dorsal 
sclerotized plates remaining which extend into 
the prothorax. These plates are not articu- 
lated with the remainder of the cranium 
(Woodley, 1989). In other Asiloidea one or 
two metacephalic rods are present, which ar- 
ticulate with the remainder of the cranium. 
In the Therevidae and Scenopinidae only a 
slender metacephalic rod remains. Hetero- 
tropus is plesiomorphic among Bombyliidae 
in having a broad, well sclerotized dorsal cra- 
nium. 

The single apomorphy for the Asiloidea 
used by Woodley (1989) was the division of 
the apical segment of the abdomen into two, 
with the posterior spiracle appearing in the 
apparent penultimate segment. This apo- 
morphy holds true for all asiloid larvae we 
have examined except those of Heterotropus, 
where the abdomen is clearly eight-segment- 
ed with the posterior spiracles occurring in 
the ultimate segment. In this respect Heter- 
otropus resembles the larvae of the lower Bra- 
chycera other than the Asiloidea. 


PHYLOGENETIC POSITION OF HETEROTROPUS 


After a consideration of the morphology of 
the adults and immature stages of Heterotro- 
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pus, it became obvious that they could only 
be placed in the Bombyliidae with the im- 
position of many (nonparsimonious) char- 
acter state reversals. However, the presence 
of a bristleform empodium (fig. 7) and acan- 
thophorite spines in the female suggests that 
they belonged within the Asiloidea. In an at- 
tempt to elucidate their phylogenetic posi- 
tion, we have placed Heterotropus in the con- 
text of the most recent cladistic analysis of 
the Asiloidea (fig. 55) (Woodley, 1989). 
Woodley (1989) used 14 characters in his 
cladistic analysis of the families of Asiloidea. 
The higher Brachycera [Asiloidea, Empidoi- 
dea, and Muscoidea (= Muscomorpha or Cy- 
clorrhapha of authors)] are characterized by 
a modified, bristleform empodium. These 15 
characters were recoded into binary form for 
parsimony analysis using Hennig 86 (Farris, 
1988). The Nemestrinidae were chosen as the 
outgroup, belonging to the sistergroup of the 
higher Brachycera (Woodley, 1989). Heter- 
otropus was added as a terminal taxon and 
coded according to the character states found 
in this work. The characters used here cor- 
respond exactly to those of Woodley (1989); 
apomorphic states are noted here and the 
number in brackets refers to Woodley’s char- 
acter number. Character 3 (larvae parasitic 
with hypermetamorphosis) was coded 0 for 
Nemestrinidae because Woodley considered 
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the larval habits and morphology to be in- 
dependently derived in the Nemestrinoidea 
and Asiloidea (Bombyliidae). Note that the 
advanced state of character 15 (palpal seg- 
ment number) was used by Woodley as an 
apomorphy of Mydidae. Character 15 is cod- 
ed here as the ground-plan state found in each 
family. 


1. Empodium bristleform (32). 

2. Larval posterior spiracle situated in ap- 
parent penultimate abdominal segment 
(33). 

3. Larvae parasitic, with hypermetamor- 

phosis (3.1). 

. Larval metacephalic rod hinged (3.2). 

. Larval abdominal segments secondarily 
segmented, the abdomen appearing to 
have 17 segments (3.3). 

6. Larval metacephalic rod posteriorly 
spatulate (3.4). 
7. Wing cell m, strongly widened distally 
(3.5). 
8. Wing with costal vein ending at M, (3.6). 
9. Adults with labellae of labium strongly 
reduced, fused with prementum (3.7). 
10. Hypopharynx of adults strongly sclero- 
tized, modified into a hypodermic, nee- 
dlelike structure (3.8). 
11. Adult face with vestiture of strong bris- 
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tles (3.9). 
12 Nemestrinidae 
Heterotropus 
3 Bombyliidae 
91011 Asilidae 
12 13 Apioceridae 
14.15 Mydidae 
5 6 Therevidae 
7815 


Scenopinidae 


Fig. 55. Cladogram of relationships of asiloid families with Heterotropus included. Numbers indicate 
characters discussed in text changing from plesiomorphic state 0 to apomorphic state 1. 
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TABLE 1 
Data Matrix 

Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Nemestrinidae 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Heterotropus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bombyliidae 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
Asilidae 1 1 0 | 0 0 0 0 1 | 1 0 0 0 0 
Apioceridae 1 1 0 l 0 0 0 0 0 0 0 1 1 0 0 
Mydidae 1 1 0 l 0 0 0 0 0 0 0 1 1 1 1 
Therevidae 1 1 0 1 | 1 0 0 0 0 0 0 0 0 0 
Scenopinidae 1 1 0 1 1 0 1 1 0 0 0 0 0 0 1 


12. Wing with veins R; and M, strongly 
curved anteriorly, ending anterior to the 
wing tip (3.10). 

13. Adult with supernumerary rectal papil- 
lae (3.11). 

14. Hind femora with ventral armature of 
moderately to very stoutly thickened 
spinelike bristles (3.12). 

15. Adult palpus one-segmented (3.13). 


RESULTS OF CLADISTIC ANALYSIS 


Hennig 86 produced a single tree (fig. 55) 
17 steps long. Not unexpectedly, the rela- 
tionships of the asiloid families are as Wood- 
ley (1989) discussed. Heterotropus, however, 
is placed at the base of the tree, the sister 
group to the remaining Asiloidea. It lacks the 
apomorphy of the Bombyliidae (Character 3, 
larvae parasitic with hypermetamorphosis) 
and the apomorphy of the Asiloidea (Char- 
acter 2, posterior spiracle in apparent penul- 
timate abdominal segment of larva). Thus, 
under the current notion of the Asiloidea, the 
inclusion of Heterotropus in the Bombyliidae 
makes that family paraphyletic with respect 
to the remainder of the Asiloidea. The most 
acceptable solution would be to remove Het- 
erotropus to a family of its own. 

Woodley, Cumming and Sinclair (personal 
commun.) have suggested that a possible 
apomorphy of the Asiloidea is the antero- 
dorsal position of the posterior spiracle on 
the eighth abdominal segment. Heterotropus 
has this putative apomorphy (fig. 53), and 
thus under this notion would be included in 
the Asiloidea. This suggestion will have to be 
tested taking into account the distribution of 
the character state in other Diptera and in 


the light of other character systems. In par- 
ticular, it appears that larvae of the Nemes- 
trinoidea also have the posterior spiracle in 
an anterodorsal position on the eighth ab- 
dominal segment. 

The paraphyly of the Bombyliidae has long 
been suspected (Hennig, 1952; Muhlenberg, 
1971), and this study provides further evi- 
dence on that score. One of us (DKY) is cur- 
rently studying the relationships of the Bom- 
byliidae to other families of Asiloidea. This 
cladistic analysis, using many more charac- 
ters than those of Woodley (1989) and in- 
cluding many more terminal taxa of asiloids, 
provides evidence that some genera of the 
Bombyliidae are more closely related to other 
families of the Asiloidea. Evidence is pre- 
sented here that Heterotropus does not belong 
within the Bombyliidae and that it deserves 
status as a separate family. Rather than pro- 
ceed in a piecemeal fashion, the formal erec- 
tion of a new family to accommodate Het- 
erotropus should properly wait until the results 
of DKY’s more extensive analyses of Bom- 
byliidae phylogeny are complete. At that time 
other genera will be removed from the family 
and placed in other asiloid families and pu- 
tative synapomorphies of the remaining 
Bombyliidae will be discussed. 
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